A Theaceae plant, Camellia (C.) sasanqua THUNB. (Japanese name "sazanka"), which is native to Japan, has been widely cultivated as an ornamental plant in Japanese garden. The flower buds of this plant are used for the similar purpose to those of C. japonica (Japanese name "tsubaki"), which has been used for the treatment of blood vomiting and bleeding due to internal and external injury, and also as antiinflamatory, tonic, and stomachic in Japanese folk medicine. As chemical constituents of this medicinal flower, several hydrolyzable tannins, 2) acylated anthocyanins, 3) and purin alkaloids 4) were reported. However, the pharmacological activities of the flower buds of this plant have not yet characterized. Recently, we have reported the isolation and structure elucidation of triterpene saponins from the flower buds of C. japonica L. (camelliosides A-D), 5, 6) C. sinensis L. (chakasaponins I-VI, floratheasaponins A-J), [7] [8] [9] [10] [11] [12] and C. oleifera ABEL (yuchasaponins A-D).
As a continuation of our studies on bioactive constituents of the flower buds of Camellia species, we found that the methanolic extract and its 1-butanol-soluble fraction from the flower buds of C. sasanqua inhibited an immediate allergic reaction by monitoring the release of b-hexosaminidase from rat basophile leukemia (RBL-2H3) cells. 14) From the 1-butanol-soluble fraction, we have isolated new acylated oleanane-type triterpene saponins termed sasanquasaponins I (1), II (2) . 15) In addition, we examined the inhibitory effects of sasanquasaponins (1) (2) (3) (4) (5) and 6 on the release of b-hexosaminidase from RBL-2H3 cells. In this paper, we describe the isolation and structure elucidaMedicinal Flowers. XXXI. September 14, 2010 tion of the new saponins (1) (2) (3) (4) (5) and the inhibitory effects of the saponin constituents on the release of b-hexosaminidase from RBL-2H3 cells.
The methanolic extract (10.41% from the fresh flower buds of C. sasanqua cultivated in Kyoto province in Japan) with the inhibitory effect on the release of b-hexosaminidase from RBL-2H3 cells [inhibition (%): 36.7Ϯ1.5 (pϽ0.01) at 100 mg/ml] was partitioned into an EtOAc-H 2 O (1 : 1, v/v) mixture to furnish an EtOAc-soluble fraction (1.51%) and aqueous layer. The aqueous layer was further extracted with 1-butanol to give a 1-butanol-(3.90%) and an H 2 O-(5.00%) soluble fractions. The 1-butanol-soluble fraction inhibited the degranulation in RBL-2H3 cells [inhibition (%) 53.3Ϯ2.9 (pϽ0.01) at 30 mg/ml], but the EtOAc-and the H 2 O-soluble fractions showed weak [inhibition (%): 15.2Ϯ2.2 (pϽ0.01) at 100 mg/ml] or no activity, respectively. The 1-butanolsoluble fraction was subjected to HP-20 and reversed-phase ODS column chromatographies and repeated HPLC to give sasanquasaponins I (1, 0.0032%), II (2, 0.015%), III (3, 0.0057%), IV (4, 0.0010%), and V (5, 0.0012%) together with 6 (0.0037%).
Structures of Sasanquasaponins I-V (1-5) Sasanquasaponin I (1) was isolated as colorless fine crystals of mp 213.0-215.0°C (from aqueous MeOH) with negative optical rotation ([a] D 20 Ϫ24.6°in MeOH). The IR spectrum of 1 showed absorption bands at 3370, 1720, 1698, 1075, and 1047 cm Ϫ1 due to hydroxy, a,b-unsaturated ester, carboxy and ether functions. In the positive-ion FAB-MS of 1, a quasimolecular ion peak (MϩNa) ϩ was observed at m/z 1255 and the molecular formula C 60 H 96 O 26 was determined by high-resolution MS measurement of the quasimolecular ion peak. Treatment of 1 with 10% aqueous KOH-50% aqueous 1,4-dioxane (1 : 1) mixture liberated a known compound, desacyl-boninsaponin A (1a).
16) The 1 H-NMR (pyridine-d 5 ) and 13 C-NMR (Table 1) spectra of 1, which were assigned by various NMR experiments, 17) showed signals assignable to a A 1 - 18) The position of the acyl group and the structure of the oligoglycoside moiety were confirmed on the basis of a heteronuclear multiple bond connectivity spectroscopy (HMBC) experiment. Thus, the longrange correlations were observed between the following proton and carbon pairs: H-22 and C-1Љٞ; H-1Ј and C-3; H-1Љ and C-2Ј; H-1ٞ and C-3Ј; H-1ЉЉ and C-2ٞ. Furthermore, comparison of the 13 C-NMR data for 1 with those for 1a revealed an acylation shift around the 22-position of the A 1 -barrigenol part. On the basis of the above mentioned evidence, the chemical structure of sasanquasaponin I was determined to be 22
Sasanquasaponins II (2) 19) The 1 H-NMR (pyridine-d 5 ) and 13 C-NMR ( 9 Hz, H-3Љٞ)] together with a desacyl-boninsaponin A part. The positions of the both acyl groups in 2 and 3 were clarified by HMBC experiments, which showed long-range correlations between the 22-protons and the carbonyl carbons of the tigloyl and angeloyl groups. Furthermore, comparison of the 1 H-and 13 C-NMR data for 2 and 3 with those for 1a revealed an acylation shift around the 22-postion of the A 1 -barrigenol part. Consequently, the chemical structures of sasanquasaponins II (2) and III (3) were characterized to be as shown. The proton and carbon signals in the 1 H-and 13 C-NMR spectra of 4 was also similar to those of 2, except for the signals due to the 22-and 28-positions. The position of tigloyl group in 4 was confirmed by a HMBC experiment, which showed a long-range correlation between the 28-methylene protons and the carbonyl carbon of tigloyl group. Comparison of the NMR data for 4 with those for 2 and 1a led us to confirm the structure of 4 to be the 28-tigloyl isomer of 2.
Sasanquasaponin V (5) 20) so that the structure of sasanquasaponin V (5) was characterized to be as shown.
Inhibitory Effects of Saponin Constituents (1-6) on the Release of b-Hexosaminidase from RBL-2H3 Cells
In the course of our studies on antiallergic constituents from natural medicines, [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] we previously reported that some triterpenes and oleanane-type triterpene oligoglycosides showed inhibitory effects on histamine release from rat exudate cells induced by an antigen-antibody reaction 33, 34) and on b-hexosaminidase release induced by dinitrophenylated bovine serum albumin (DNP-BSA) from RBL-2H3 cells sensitized with anti-DNP immunoglobulin E (IgE). 8, 14) As a continuation of this study, we examined the effects of acylated oleanane-type triterpene saponins, sasanquasaponins, on the release of b-hexosaminidase from RBL-2H3 cells. As shown in Table 2 , sasanquasaponins I-III (1-3) with the 22-acyl group were found to exhibit strong activities regardless of the structures of their acyl groups. Whereas sasanquasaponin V (5) with the 16-acyl group showed weak activity, and also sasanquasaponin IV (4) with the 28-acyl group and 6 showed no activity. As a result, the 22-acyl group in the saponin structures seems to be essential for the potent inhibitory effect on b-hexosaminidase release from RBL-2H3 cells.
In conclusion, five new acylated oleanane-type triterpene saponins, sasanquasaponins I-V (1-5), were isolated from the flower buds of C. sasanqua and their chemical structures were elucidated on the basis of chemical and physicochemical evidence. In addition, sasanquasaponins I-III (1-3) having the 22-acyl group were found to inhibit the b-hexosaminidase release from RBL-2H3.
Experimental
General Experimental Procedures The following instruments were used to obtain physical data: specific rotations, Horiba SEPA-300 digital polarimeter (lϭ5 cm); IR spectra, Shimadzu Fourier transform-infrared (FT-IR)-8100 spectrometer; electron ionization-mass spectra (EI-MS) and high resolution (HR)-EI-MS, JEOL JMS-GCMATE mass spectrometer; FAB-MS and HR-FAB-MS, JEOL JMS-SX 102A mass spectrometer; Alkaline Hydrolysis of Sasanquasaponins I-V (1-5) A solution of sasanquasaponins I-V (1: 10 mg; 2-5: each 6.0 mg) was treated with 10% aqueous KOH-1,4-dioxane (1 : 1, v/v, 1.0 ml) and the whole was stirred at 37°C for 2 h, respectively. The reaction mixture was neutralized with Dowex HCR W2 (H ϩ form) and the resin was removed by filtration. Evaporation of the solvent from the filtrate under reduced pressure yielded a crude product, whose most part was subjected to ordinary-phase silica gel column chro- 21) with some modifications. Briefly, RBL-2H3 cells were dispensed into 48-well plates at a concentration of 4ϫ104 cells/well using Eagle's minimum essential medium (MEM, Sigma) containing fetal calf serum (10%), penicillin (100 units/ml), streptomycin (100 mg/ ml), and 0.45 mg/ml of anti-DNP IgE, and these were incubated overnight at 37°C in 5% CO 2 for sensitization of the cells. Then the cells were washed twice with 200 ml of Siraganian buffer [119 mM NaCl, 5 mM KCl, 0.4 mM MgCl 2 , 25 mM piperazine-N,NЈ-bis(2-ethanesulfonic acid) (PIPES), and 40 mM NaOH, pH 7.2], and incubated in 80 ml of Siraganian buffer [5.6 mM glucose, 1 mM CaCl 2 , and 0.1% bovine serum albmin (BSA) were added] for an additional 10 min at 37°C. Aliquots (10 ml) of test sample solution were added to each well and incubated for 10 min, followed by the addition of 10 ml of antigen (DNP-BSA, final concentration 10 mg/ml) at 37°C for 10 min to stimulate the cells to evoke allergic reactions (degranulation). The reaction was stopped by cooling in an ice bath for 10 min. The supernatant (40 ml) was transferred into a 96-well microplate and incubated with 40 ml of substrate (1 mM p-nitrophenyl-N-acetyl-b-D-glucosaminide) in 0.1 M citrate buffer (pH 4.5) at 37°C for 2 h. The reaction was stopped by adding 200 ml of stop solution (0.1 M Na 2 CO 3 /NaHCO 3 , pH 10.0). The absorbance was measured using a microplate reader at 405 nm. The test sample was dissolved in dimethylsulfoxide (DMSO), and the solution was added to Siraganian buffer (final DMSO concentration 0.1%).
The percent inhibition of the release of b-hexosaminidase by the test material was calculated using the following equation: Under these conditions, it was calculated that 10-15% of b-hexosaminidase was released from the cells in the control groups by determination of the total b-hexosaminidase activity after treatment with 0.05% Triton X-100.
In order to clarify that the antiallergic effects of samples were due to the inhibition on hexosaminidase release, but not the false positive by the inhibition of b-hexosaminidase activity, the following assay was carried out. The supernatant (36 ml) of the control group as an enzyme solution, the substrate solution (40 ml), and test sample solution (4 ml) were transferred into a 96-well microplate and enzyme activity was examined as described above.
Statistics Values were expressed as meansϮS.E.M. One-way analysis of variance following Dunnett's test was used for statistical analysis. Probability (p) values less than 0.05 were considered significant.
